INTRODUCTION
In the face of increasing demand from consumers for a healthy and balanced lifestyle, besides that the population eats deficiently in quantity and quality, it is important to include dietary fiber in the diet. This nutrient plays important roles in the body, such as interference in the metabolism of lipids and carbohydrates and in the physiology of the gastrointestinal tract, as well as ensuring slower absorption of nutrients and promoting a feeling of satiety.
Recent research has shown that a high fiber diet decreases the concentration of physiological markers associated with cardiovascular risk, such as total cholesterol, low density lipoprotein and triglycerides (CHEN et al., 2014) . The effect is related to the physicochemical properties of dietary fiber, water-holding, oil-binding, and cation-exchange capacities. Besides the absorption of bile acids, which have significant roles in the prevention of diet-dependent diseases (obesity, atherosclerosis and colon cancer), as well as nitrite absorption capacity, which is related to the protection against gastric cancer (ZHU et al., 2015) .
The most pronounced beneficial effects of dietary fiber are associated with its soluble fraction. However, in most of cases, insoluble fiber is reported in higher amounts in food matrices. Thus, this fraction can be converted into soluble fiber by physical methods, which modify the nutritional properties of the final product (HUANG & MA, 2016) . Changes in fiber structures, both internal and external, affect its physicochemical properties, through a larger surface and an internal area, and the activation of more water and oil molecules (YAN et al., 2015) .
Micronization and extrusion processing are physical methods used to change the physicochemical properties of dietary fiber. Both processes could be considered not harmful to the environment due no residues generation, with great alternatives for this purpose. However, it is important to understand the processes for comprehending the changes that they occur. In this way, this review aimed to address the use of physical methods, micronzation and extrusion, as alternatives to improve the physicochemical properties of dietary fiber.
Definition, classification and composition of dietary fiber
Dietary fiber is defined as "edible part of plants or analogous to carbohydrates that are resistant to digestion and absorption in the small intestine, with complete or partial fermentation in the large intestine. Dietary fiber includes polysaccharides, oligosaccharides, lignin and associated substances to plants" (AACC, 2001) , such as phenolic compounds (VITAGLIONE et al., 2008) . They are abundant in vegetable products such as fruits, vegetables and grains (DENG et al., 2011) .
Dietary fiber consists of carbohydrate polymers that make up the cell wall of vegetables, including cellulose, hemicellulose and pectins, as well as polysaccharides from plants or obtained from algae, like gums and mucilages and oligosaccharides, such as inulin. In addition, associated substances, mainly lignin and minor compounds (cutin, saponin and polyphenols) are included as components of dietary fiber (VITAGLIONE et al., 2008; MUDGIL & BARAK, 2013) .
Fibers are divided into two fractions, according to their solubility in water: insoluble fraction and soluble fraction. Insoluble fiber fraction is predominant in bran, leafy vegetables and grains and it consists mainly of insoluble cell wall components (cellulose, insoluble hemicelluloses and lignin) (ELLEUCH et al., 2011) .
The physiological effect related to this fraction is associated with the decrease in intestinal transit time (DAI & CHAU, 2017) . Components of insoluble dietary fiber can increase fecal bulk by their water holding capacity that helping prevent and relieve constipation. By absorbing water, these components also absorb possible carcinogens, preventing colon cancer. However, they are minimally fermented by the intestinal microflora and; therefore, are poorly metabolized (MUDGIL & BARAK, 2013) .
The soluble fiber fraction consists of structural non-starch polysaccharides, such as β-glycans, arabinoxylans, pectins, some hemicelluloses; and also substances like gums and mucilages (ELLEUCH et al., 2011; MUDGIL & BARAK, 2013) . The physiological effect of this fraction is associated with delayed gastric emptying (greater satiety). Due their viscosity, soluble fibers form a superficial area along the small intestine, which slows digestion of nutrients by preventing bulk diffusion of foods across the intestinal lumen. Furthermore, the increased viscosity slows the absorption of glucose and lipids (KENDALL et al., 2010) .
Unlike the insoluble fraction, the soluble fiber is selectively fermented in the large intestine by acidolytic bacteria, producing high concentrations of short chain fatty acids (SCFA), mainly acetate, propionate and butyrate. In the intestine, SCFAs function as protective agents for diseases like diarrhea, intestinal inflammation and colon cancer. Concomitantly, fermented fibers are converted into nutrients that stimulate growth and activity of beneficial bacteria, such as Bifidobacteria and Lactobacilli in the colon, increasing their levels (MUDGIL & BARAK, 2013) . Consequently, this condition improves host health (DAI & CHAU, 2017) .
In general, residues derived from processed fruits and vegetables contain high amounts of soluble dietary fiber and a better insoluble/soluble fiber ratio (HUANG & MA, 2016) . This fact is relevant because the relation is important for both, food and physicochemical properties. The soluble fraction, in comparison to the insoluble portion, presents a greater ability to form gels (YAN et al., 2015) and greater effectiveness in the maintenance of systemic health. The insoluble portion can be converted to soluble fiber by physical methods. So, changes in nutritional properties and texture of the product may occur (HUANG & MA, 2016) .
Physicochemical properties of dietary fiber
The solubility of dietary fiber confers differences in functional and technological properties. Soluble fibers are characterized by the ability to increase viscosity, reduce glycemic response and plasma cholesterol (ABDUL-HAMID & LUAN, 2000; KENDALL et al., 2010) as well as to demonstrate a better ability to form gels and/ or act as emulsifiers, compared to the insoluble fraction (ELLEUCH et al., 2011) . Insoluble fibers are characterized by porosity, low density, ability to increase fecal bulk and decrease intestinal transit time that alleviating constipation and improving regularity (DAI & CHAU, 2017) . These physiological effects of dietary fiber depend mainly on their physicochemical properties, such as waterholding, oil-binding and cation-exchange capacities (MUDGIL & BARAK, 2013) .
Water-holding capacity is a measure used to evaluate the water absorption capacity of fibers. Its measurement is based on the amount of water that remains attached to hydrated fibers with the application of an external force (pressure or centrifugation) (DU et al., 2014) . The hydration or water retention properties of dietary fiber are related to the chemical structure of the polysaccharides, besides the porosity, particle size, ionic form, pH and temperature. The fiber source is extremely related to the hydration capacity. Fibers from fruit by-products have higher affinity for water than residues from cereal processing. Such differences are related to the chemical properties of fibers (ELLEUCH et al., 2011) .
Oil-binding capacity is defined as the amount of oil retained by fibers after mixing, incubation and centrifugation steps (ELLEUCH et al., 2011) . This measure is influenced by the surface properties, as well as the density of the loads and hydrophobic nature of the constituents of dietary fiber. Increase in oil-binding capacity is directly related to the effects of cholesterol absorption. By attaching more effectively oil, the particulate material prevents or delays the absorption of blood cholesterol and thus decreases the circulating levels (CHAU et al., 2007) .
According to water and oil-holding capacities, the use of fiber in food products is suggested. Dietary fibers with high oil-binding capacity can be used to stabilization of products with high lipid content and emulsions, such as sausages. However, dietary fibers with high hydration capacity can be used as functional ingredients to prevent syneresis and to modify viscosity and texture in food products such as jellies and breads (GRIGELMO-MIGUEL et al., 1999; MUDGIL & BARAK, 2013) .
Cation-exchange capacity relates the ability of the fibrous matrix to bind ions and hold them on its surface. Thus, the reduction of the bioavailability of minerals and trace elements to the body from the gastrointestinal tract, is one of the key elements of dietary fiber consumption (DAOU & ZHANG, 2012) . As a result of the increase of cation-exchange capacity, a lipid emulsion destabilization occurs. Consequently, a reduction of lipid diffusion and absorption occurs, causing a decrease in blood triglyceride and cholesterol levels (CHAU et al., 2007) .
Other in vitro analyzes to evaluate the physicochemical properties of dietary fibers include nitrite ion absorption capacity and glucose absorption capacity. Nitrite is a reactive ion and may react with amines or amides under acidic conditions and form nitrous compounds with human carcinogenic potential. The ability of nitrite removal may be a contributing factor in the possible role of high-fiber ingredients for protection against gastric cancer (DU et al., 2014) .
The absorption capacity of glucose is related to the ability of dietary fiber to hinder diffusion of glucose and adsorb glucose by imprisoning it in the fibrous matrix. Because of this, there is a decrease in postprandial glucose concentration available for absorption in the intestinal lumen, and thus, may have hypoglycemic effects (CHAU et al., 2007) .
Methods for dietary fiber modification
The physicochemical properties of dietary fiber can be modified with chemical, enzymatic, and physical methods. Chemical methods are based on acidic and/or basic hydrolysis for destruction of the cell wall. Hydrolysis of the cell wall polysaccharides may lead to an increase in soluble fiber content. Enzymatic treatment is also able to modify the relation between soluble and insoluble fiber, acting in specific binding sites of the fiber molecules; for example, application of xilanases for disruption of the cell wall, increases the soluble fiber content. However, it is known that enzymes act under optimum temperature conditions and a minimum incubation time is necessary (GUILLON & CHAMP, 2000; ELLEUCH et al., 2011) .
Therefore, the physical methods arise as an alternative for food processing that cause the Bender et al. region-chemistry change of the surface area, directly related to the physicochemical properties (absorption or binding of molecules), being responsible for some physiological effects of dietary fiber in the body (GUILLON & CHAMP, 2000) . Micronization and extrusion are examples of physical methods used to improve the functional properties of dietary fiber present in different food raw materials.
Micronization involves the reduction of particle size and is linked to changes in the surface area and functional properties of the ingredients tested. Extrusion involves heating in combination with homogenization, characteristics that also alter the functional properties of dietary fiber (DAOU & ZHANG, 2012) .
Micronization or ultrafine grinding
Micronization or ultrafine grinding is a physical process that reduces the size of dietary fiber particles for a given micro scale (size from 1 nm to 100 μm) (ZHANG et al., 2016) , improving some of its physicochemical properties, such as waterholding and oil-binding capacity; solubility; ability of "cation-exchange" and adsorption of glucose; and the inhibitory activity of pancreatic lipase and α-amylase (CHAU et al., 2007; DAOU & ZHANG, 2012) .
The use of ultrafine grinding technology presents great potential for use in nutraceutical and functional foods. By reducing the particle size; consequently, there is an increase in the surface area and, thus, the constituents of the ultra-fine particles are easily absorbed in the gastrointestinal tract by increasing the quality of the food products into which they are incorporated. In addition, the antioxidant components are maintained (DU et al., 2014) .
Different techniques can be used to produce ultra-fine particles. One of the most traditional techniques makes use of the ball milling, which there is direct contact of the device with the material to be milled and the container is moved in three axial directions. Thus, the materials are sprayed and mixed by repeated high energy impacts. Friction of the starch and the water molecules against each other and against the balls and walls of the container produces heating that contributes to modify the properties of the starch granules and also of the other constituents of the food (dietary fiber and protein, for example) (WANG et al., 2009) .
Another technique used is the jet milling, classified as a fluid energy impact milling technique, widely used for the production of ultra-fine powders. The jet mill is a static machine without milling media; the milling component consists of a chamber with a nozzle or nozzles and the particles to be sprayed are accelerated by the air pressure or steam jet. The effect of milling is produced by the collision between the particles or by impact against the solid surfaces of the equipment (DRAKOS et al., 2017) .
Extrusion
Extrusion is commonly used in the preparation of snacks and breakfast cereals, assuming that it changes the chemical structure of food, especially starch products, since high temperatures facilitate the gelatinization of starch (AKDOGAN, 1997; SOUZA & ANDRADE, 2000) . Extrusion is a mechanical shear method involving the modification of the food matrix through association between temperature and pressure (DAOU & ZHANG, 2012) . The mechanical stress is capable of breaking the glycosidic bonds of the fibrous matrix, increasing the soluble fiber content, often used as a prebiotic (VITAGLIONE et al., 2008) . This method is also useful for protein breakdown, being important because it increases the bioavailability of some amino acids, improving the nutritional quality of food sources (ASCHERI et al., 2006) .
The mechanical treatment completely disorganizes the original structure of the material (DAOU & ZHANG, 2012). During the extrusion, fiber solubilization may occur depending on the severity of the process (high temperature, high screw speed and low moisture content). Mechanical stress during the process may cause degradation of glycosidic bonds of the polysaccharides, leading to release of oligosaccharides and; consequently, the increase of the soluble fraction of fiber (VITAGLIONE et al., 2008) .
Moreover, this mechanical modification has the ability to elevate the antioxidant capacity of the food, since this process breaks polyphenolic bonds associated to dietary fiber, increasing the bioaccessibility of the bioactive compounds present in raw material (MORALES et al., 2015) . Since these compounds are sensitive to high temperatures, extrusion conditions (temperature, moisture, pressure, feed rate, screw speed) must be optimized for each array to be extruded (CHALERMCHAIWAT et al., 2015; LEVYA-CORRAL et al., 2016) .
It is also worth noting that extrusion process can be considered environmentally friendly due to cost reduction, mainly with the treatment of the generated residues (CHEN et al., 2014) , in relation to the chemical treatments of modification of dietary fiber.
Influence of physical methods on the physicochemical properties of dietary fiber
As mentioned, the reduction of dietary fiber particle size to a micro scale improves its physicochemical properties (CHAU et al., 2007) , such as water-holding, swelling, oil-binding and cation-exchange capacities (Table 1) . CHAU et al. (2007) evaluated different methods of micronization (ball milling, jet milling and high pressure micronizer) to reduce the particle size of insoluble fiber from carrot. The authors reported that the influence on the functional properties of raw material is greater when the particle size is smaller. These results represented an increase in waterholding, oil-binding and cation-exchange capacities. Increasing in water-holding capacity is due to increase in the number of water-binding sites (WANG et al., 2009 ) with consequent increase in solubility caused by the diffusion of the water-soluble molecules (ZHAO et al., 2015) . During micronization, there is a change in the porosity of fibrous matrix, with an increase in the surface area, causing a redistribution of insoluble components to soluble ones, through the solubilization of protein and pectic substances.
A similar result was reported by DU et al. (2014) in the production of ultra-fine powders from hull-less barley. In addition to the physical and chemical characteristics of the micronized products, the antioxidant capacity indicated an increase in DPPH (2,2-diphenyl-1-picryl-hydrazyl) radical capture capacity and in Ferric Reducing Antioxidant Power (FRAP). Main constituents responsible for this increase in antioxidant activity are the phenolic compounds, which are exposed after alteration or destruction of the macromolecular matrix caused by micronization process and, thus, act as inhibitors or free radical scavengers in the body (ZHU et al., 2014a; ZHAO et al., 2015) .
In the study with hull-less barley bran, ZHU et al. (2015) related increase in soluble fraction of dietary fiber after ultra-fine milling as a beneficial factor. This portion helps to decrease blood cholesterol levels as well as control blood glucose levels. The reason for these benefits is the ability of soluble fraction to absorb water and form gel, delaying the emptying of the stomach, which contributes with a weight control. DRAKOS et al. (2017) used jet mill to produce ultra-fine powders from barley and rye flours and observed an increase of damaged starch with the ultra-fine milling process, which increased the water-holding capacity of the powders. This occurs due to greater water absorption and the interactions between the starchy and non-starchy components (proteins and fiber matrix). In the same study, authors pointed out that the decrease of particle size produces a decrease in the content of phenolic compounds, due to the formation of aggregates during milling. What is expected, as observed by HU et al. (2012) , is an increase in this amount, with consequent increase in antioxidant activity.
In general, micronization method causes a structural reorganization and the structural changes from ordinate to disordered (amorphous) by breaking intermolecular bonds, obtaining smaller fractions after milling, causing changes in the original structure and; consequently, changes in physicochemical properties (ZHAO et al., 2015) . The components of dietary fiber are redistributed mainly by the breakdown/degradation of hemicellulose, cellulose and lignin, which are converted into lower molecular compounds (ZHU et al., 2014b) .
Using extrusion as a method to improve the functional properties of dietary fiber, attention should be paid to the temperature being used in the process (Table 2) . JING & CHI (2013) , while evaluating the effect of different extrusion conditions on the soluble fiber content of soybean residue, reported that the maximum temperature to be used for extrusion of this raw material is 110°C; above this temperature, a decrease of the soluble fiber content occurs due to the depolymerization of the glycosidic bonds of the polysaccharides induced by the increase in temperature. In the same study, the authors obtained increased dietary fiber solubility (hydration capacity), as well as levels of soluble fiber and waterholding, and oil-binding capacity. High temperature used in the extrusion process modifies the structural characteristics of fiber, facilitating absorption of water and oil. YAN et al. (2015) did not observe a significant difference for protein, lipid, ash and starch contents between non-extruded and extruded wheat bran samples. As well as HUANG & MA (2016) for the extruded orange pomace, these authors stated that heating during the extrusion process modifies the texture of the food material by breaking the structure of dietary fiber components of the vegetables, increasing levels of xylose, mannose, glucose and uronic acid. The extrusion process retains the water inside the fibrous matrix, so there is an increased water-holding capacity, while oil-binding capacity is related to the polysaccharide structure of the fiber and is influenced by the surface properties, charge density and the hydrophilic nature of the fiber particles (HUANG & MA, 2016) .
Less pronounced increases in soluble fiber content were observed by HONCU et al. (2016) when evaluating changes in barley dietary fiber components during the extrusion process. This fact is due to dietary fiber content being dependent on the composition of the material being extruded and process parameters. By means of microscopy, the structure of the extruded material was shown to be compact, with partially gelatinized starch, partially denatured protein and rearrangement of dietary fiber components. In addition, the increase in soluble fiber is due to the transglycosylation in which the 1,4 bonds between carbon and oxygen are cleaved and new anhydroglucose bonds are formed.
Decrease in insoluble fiber levels may be due to the degradation of insoluble polysaccharides, cellulose and hemicellulose, into simple sugars (ELLEUCH et al., 2011) . One way of ascertaining the efficiency of in vitro test results is by in vivo analysis. CHEN et al. (2014) evaluated the effect of extrusion on the soluble fiber content from soybean residue in a mice fat-and cholesterol-rich diet. Initially, there was an increase in the content of soluble fiber in the extruded material compared to the non-extruded one. Regarding the in vivo assay, the incorporation of extruded dietary fiber into the diet decreased the concentration of physiological markers associated with cardiovascular risk, such as total cholesterol, low density lipoprotein and triglycerides and increased in the high density lipoprotein concentration. The authors reported that these effects may be due to the presence of carboxymethyl cellulose, which imprisons the cholesterol crystals, due to their well and pore morphology, forming a gel in the small intestine, which positively contribute to bind the crystals of excess cholesterol and facilitate excretion of the organism.
CONCLUSION
Micronization and extrusion processes can be used to improve functional properties of dietary fiber, since both change its physicochemical properties, such as water-holding capacity, oilbinding, and cation-exchange capacities, associated with the beneficial effects of consumption of dietary fiber in the body. Research should be carried out in order to understand the role of improving the functional properties of dietary fiber in relation to the products in which they are incorporated. As well as the effect of these processes on improving the functional properties of dietary fiber in vivo must be investigated. Thus, it is possible to verify the improvement on the functional properties of dietary fiber in different food matrices.
